Effect of cyclin E overexpression on lovastatin-induced G1 arrest and RhoA inactivation in NIH3T3 cells.
The HMG-CoA reductase inhibitor, lovastatin, blocks targeting of the Rho and Ras families of small GTPases to their active sites by inhibiting protein prenylation. Control NIH3T3 cells, and those overexpressing human cyclin E protein were treated with lovastatin for 24 h to determine the effects of cyclin E overexpression on lovastatin-induced growth arrest and cell rounding. Lovastatin treatment (10 microM) of control 3T3 cells resulted in growth arrest at G1 accompanied by actin stress fiber disassembly, cell rounding, and decreased active RhoA from the membranous protein fraction. By contrast, in NIH3T3 cells overexpressing cyclin E, lovastatin did not cause loss of RhoA from the membrane (active) protein fraction, actin stress fiber disassembly, cell rounding or growth arrest within 24 h. Analysis of cell cycle proteins showed that 24 h of lovastatin treatment in the control cells caused an elevation in the levels of the cyclin-dependent kinase inhibitor p27(kip1), inhibition of both cyclin E- and cyclin A-dependent kinase activity, and decreased levels of hyperphosphorylated retinoblastoma protein (pRb). By contrast, lovastatin treatment of the cyclin E overexpressors did not suppress either cyclin E- or cyclin A-dependent kinase activity, nor did it alter the level of maximally phosphorylated pRb, despite increased levels of p27(kip1). However, by 72 h, the cyclin E overexpressors rounded up but remained attached to the substratum, indicating a delayed response to lovastatin. In contrast with lovastatin, inactivation of membrane-bound Rho proteins (i.e., GTP-bound RhoA, RhoB, RhoC) with botulinum C3 transferase caused cell rounding and G1 growth arrest in both cell types but did not inhibit cyclin E-dependent histone kinase activity in the cyclin E overexpressors. In addition, 24 h of cycloheximide treatment caused depletion of RhoA from the membrane (active) fraction in neo cells, but in the cells overexpressing cyclin E, RhoA remained in the active (membrane-associated) fraction. Our observations suggest that (1) RhoA activation occurs downstream of cyclin E-dependent kinase activation, and (2) overexpression of cyclin E decreased the turnover rate of active RhoA.